The sustainability of purchasing power parity (PPP) theory is examined within the quantile autoregression model for the monthly data of the euroand the US dollar-based real exchange rate (RER) in selected European economies (the Czech Republic, Hungary, Poland, Romania, Serbia and Turkey). Period from January 2000 to December 2014 is covered. The application of quantile autoregression model is motivated by the necessity of identifying asymmetric behavior of the RER due to the shocks of different size and sign. The empirical results support to some extent the PPP theory for the euro-and US dollar-based RER in Romania, Serbia, and Turkey. The euro-based RER in Hungary and Poland is also identified to confirm the PPP theory. The dynamics of the RER in the Czech Republic cannot be associated with the PPP validity. The persistence of the euro-based RER is estimated to be more prominent after the depreciation shocks of smaller size.
A number of econometric studies are focused on testing the sustainability of PPP theory in the long-run. Assumption that dynamics adjustment is stable, regardless of the size of the shock and its impact on the distance of the RER from the equilibrium level, is increasingly viewed as one of the main reasons for the PPP hypothesis rejection. In fact, the considerable asymmetry in the adjustment of the RER is empirically confirmed in a number of articles (Mark P. Taylor, David A. Peel, and Lucio Sarno 2001; Bernd Schnatz 2006; Hassan Shirvani and Natalya Delcoure 2012) . Such asymmetry implies that the smaller size of the shocks causes significant persistence of the RER, whereas the rate of return to equilibrium PPP level is disproportionally faster after greater shocks resulted in far more serious deviations.
Different econometric techniques are applied in empirical literature to take care of peculiar RER dynamics. Quantile approach based on quantile autoregressive model (QAR) and quantile unit root tests is one of them (Roger Zhijie Xiao 2004, 2006) . In contrast to the tests related to the analysis of the average behavior of the RER which are based on the assumption of constant mean-reverting process regardless of the type of shock, the motivation for the implementation of the QAR model comes from the need of considering how shocks of different size and sign influence the movement of the RER. From the economic point of view, it is relevant to determine the degree of the RER persistence to accurately define the causes of deviations from the equilibrium level. In particular, the high persistence is mainly due to real shocks (such as technological shocks or productivity shocks), whereas, for example, changes in monetary policy can be manifested through aggregate demand shocks and cause little persistence of the RER and faster return to the long-term level (Kenneth Rogoff 1996; Sarno 2005) . Thus, through application of QAR model, asymmetry in the RER persistence at each quantile is monitored which may help in assessing whether RER complies with equilibrium PPP level or not. From a statistical point of view, quantile framework is suitable for the analysis of time series whose empirical distribution is characterized by heavy tails, and it is non-Gaussian. This is frequently the case with the RER series.
In this article, we applied QAR model with the aim of capturing dynamics of the euro-and US dollar-based RER for the Czech Republic, Hungary, Poland, Romania, Serbia and Turkey during January 2000 to December 2014. Our sample consists of heterogeneous emerging European economies that are characterized by different levels of development and also different exchange rate regimes. Period considered includes negative macroeconomic trends caused by the global economic crisis. It is of interest to find out how RER reacts to shocks under different economic policy regimes given the substantial influence of great recession. In this way, asymmetric response of RER to unexpected shocks of various sizes may be identified.
Although the empirical validity of the PPP theory in the emerging European countries has been assessed frequently in recent past (among others: Juan C. Cuestas 2009; Erdinç Telatar and Mübariz Hasanov 2009 ; Saadet Kasman, Adnan Kasman, and Duygu Ayhan 2010; Robert J. Sonora and Josip Tica 2010; Alper Aslan and Ferit Kula 2011; Ahmad Zubaidi Baharumshah, Jani Bekő, and Darja Boršič 2011; Giray Gozgor 2011; Yang-Cheng Ralph Lu, Tsangyao Chang, and Chia-Hao Lee 2012; Veli Yilanci 2012; Václav Žďárek 2012; Huizhen He and Chang 2013; Zorica Mladenović, Kosta Josifidis, and Slađana Srdić 2013; Oguz Ocal 2013; Tolga Omay, Mubariz Hasanov, and Furkan Emirmahmutoglu 2014; Mohsen Bahmani-Oskooee and Chang 2015; Gianna Boero, Kostas Mavromatis, and Taylor 2015) , the quantile methodology was only used in a recent article of Bahmani-Oskooee et al. (2016) . In Bahmani-Oskooee et al. (2016) , only US dollar-based RER are considered. Apart from implementing standard quantile approach, modification that accounts for structural breaks is also applied.
In this article, we use both the euro-and the US dollar-based RER. Interest in examining the euro-based real exchange rate comes from the fact that in our sample, four countries (the Czech Republic, Hungary, Poland and Romania) have became EU members during the observed period which makes the issue of real and nominal convergence with other EU economies increasingly relevant. The other two countries from our sample (Serbia and Turkey) are the candidate countries for the accession to the EU with high level of trade and financial integration with the EU member states. We intend to measure the reaction of the RER to the observed shocks that are endogenously identified by the model (cf. Kleopatra Nikolaou 2008) which has not been previously performed when these countries are considered. All shocks are relevant for the purpose of our analysis, and therefore, we do not explicitly introduce structural break in modeling. In such a way, we assess the role of the actual shocks to the RER movements.
The rest of the article is structured as follows. After the introduction, Section 1 presents literature review based on quantile framework. Section 2 briefly explains the specifications of QAR model and quantile unit root test. In Section 3, preliminary data analysis is provided. Section 4 elaborates on the empirical results of applying QAR model, and Section 5 provides final findings about the sustainability of the PPP theory.
Literature Review
Quantile approach has been followed in a number of empirical papers to address the issue of RER dynamics. Developed economies are mostly covered. Some results are summarized below.
Analyzing the movement of the RER in the Euro area, the UK and Japan for a period 1973: 01-2004 01- :12, Nikolaou (2008 confirms that the RER exhibits different behavior across quantiles. The value of the autoregressive coefficient is close to unity on the medium quantiles, whereas for the extreme quantiles (upper and lower), the null hypothesis can be rejected. It is believed that the ability of the RER to recover to a level that ensures a balance in the long-term within certain quantile is sufficient to ensure stationarity of the entire process. Antonio F. Galvao Jr. (2009) finds similar conclusion for Canada, Japan, Switzerland, and the United Kingdom during the period of January 1973 to January 2007.
QAR models are also used to investigate the asymmetry in the return dynamics due to currency appreciation or depreciation of the following daily exchange rates: USD/EUR, USD/JPY, USD/GBP, USD/AUD, USD/CHF and USD/CAD from 1999 to 2014. The results of the research in the article of Konstantin Kuck, Robert Maderitsch, and Karsten Schweikert (2015) indicate that for most exchange rates, the US dollar depreciation refers to the negative dependence on past returns, whereas a positive dependence on past returns occurred after the appreciation. This tendency is explained by the presence of various factors on the international market, such as incomplete information about the currency movements, central bank interventions, currency carry trade, capital flows, activities of market participants vulnerable to the risk. Quantile models are furthermore suitable for the analysis of the dynamics of the RER under different exchange rate regimes. Applying the quantile unit root test to the data of the RER of New Taiwan Dollar from 1974 to 2008, Luke Lin and Wenyuan Lin (2013) point out the validity of PPP theory in circumstances of applying a fixed regime, whereas the implementation of a managed float regime can induce only partial compliance with the PPP level. The results in the article of Mauro S. Ferreira (2011) , which are based on the behavior of pair wise RER between the Italian lira, French franc, Deutsch mark and British pound from January 1973 to December 1998 also show adequate implementation of QAR model in the case of the presence of heteroskedastic time series and different expectations about the RER movements.
Application of quantile approach proved to be appropriate in the case of the analysis of condition between the RER and economic growth, where the empirical findings in the work of Fabrício J. Missio et al. (2013) confirm the existence of a PANOECONOMICUS, 2020, Vol. 67, Issue 1, pp. 27-50 nonlinear relationship, which is particularly obvious in developing and emerging countries and Eurozone during the period from 1978 to 2007.
Bahmani-Oskooee et al. (2016) support the sustainability of PPP theory in seven transition countries (Bulgaria, the Czech Republic, Hungary, Lithuania, Poland, Romania and Russia) during the period of 1998 to 2015, with calculated half-life estimates in the range of 12 to 25 months. The empirical findings justify the application of the extended version of the quantile unit root test that involves the inclusion of stationary covariates. Additionally, unit root approach that takes into account sharp shifts and smooth breaks in time series confirms the result that shocks responsible for the movement of the RER had predominantly temporary effects.
Quantile Autoregression (QAR) Model
This section shortly summarizes theoretical results on baseline QAR model and quantile unit root tests as defined in Xiao (2004, 2006) .
Specification of QAR Model
With the aim of performing QAR(1) model, we start from the first-order autoregression model:
(1)
The equivalent τ-th quantile representation takes the form:
where ( ) denotes the τ-quantile of an error-term e t , and ( | ) is the τ-th conditional quantile of time series conditional on (Koenker and Xiao 2004) . Component ( ) includes the impact of unanticipated shocks of different size that cause fluctuations in the movement of the observed time series, whereas quantiles absorb shocks from period t-1 to period t (Nikolaou 2008) .
To define alternative form of QAR model, the following relations are established:
( ) = ( ), ( ) = and define ( ) = ( ( ), ( ))' and = (1, )'. Therefore, ( ) is the autoregressive coefficient which evaluates the persistence of deviations of the observed time series within each quantile of interest. QAR(1) can be represented as:
Estimation of the linear QAR model involves solving the problem:
where ( ) = ( − ( < 0)), whereas I denotes an indicator function which takes the value one if the expression in parentheses is true and zero otherwise. The process of obtaining estimation of the QAR model presents a variation of the least absolute deviation (LAD) method, where Equation (4) can be written as: This method is based on minimizing the least absolute deviations and is considered to be more appropriate for distribution with heavy tails (Koenker and Gilbert Bassett Jr. 1978; Seppo Pynnönen and Timo Salmi 1994) .
Quantile Unit Root Test
Final conclusion on the existence of a unit root in time series depends on the value of the parameter . Under the null hypothesis = 1, has a unit root, and it is characterized by high level of persistence, while for the values < 1 under the alternative hypothesis, observed time series is stationary. If there is autocorrelation up to order q + 1, Equation (1) Hypotheses and modification for autocorrelation remain the same under the quantile unit root testing. For the inference on the unit root presence on quantile , the following t-statistic is considered Xiao 2004, 2006) :
where ( ( )) is a consistent estimator of ( ( )), and and represent the density and distribution function of . Vector of lagged values of the dependent vari-
is denoted by , and is the projection matrix onto the space orthogonal to = (1, , . . . , ). Using the test statistic ( ) provides a comprehensive insight into the dynamics of the observed time series and provides framework for examining its mean-reverting properties at each quantile. This is in contrast with ordinary unit root test that only deals with conditional central tendency (Ching-Chuan Tsong and Cheng-Feng Lee 2011).
The limiting distribution of statistic (6) is nonstandard Xiao 2004, 2006) . To accommodate for the small sample when critical values are calculated, resampling algorithms proposed by Koenker and Xiao (2004) may be followed.
Test statistic (6) can be calculated from the regression that incorporates stationary explanatory variables (Galvao Jr. 2009 ) that is in line with modified ADF test of Graham Elliott and Michael Jansson (2003) . Limiting distribution of test statistic derived from such a regression is the same as that of (6).
Apart from test statistic (6), the presence of quantile unit root can also be assessed by looking at a range of quantiles. For that purpose, quantile Kolmogorov-Smirnov test is advanced taking the following form | ( )| , ∈ and is total range of quantiles (Koenker and Xiao 2004) . Its statistic is nonstandard with the possibility of determining critical values by simulation methods.
Empirical Results: Data Analysis and Preliminary Tests
We analyzed the sustainability of PPP theory in the following emerging European countries: the Czech Republic, Poland, Hungary, Romania, Serbia and Turkey, during the period of January 2000 to December 2014 (due to unfavorable developments during the 1990s, analysis for Serbia covers the period January 2001 to December 2014).
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The data are downloaded from the Vienna Institute for International Economic Studies (2017) 1 and analyzed using the software packages E-Views, R and RATS. The time series of the RER is formed using the logarithm of monthly data for: nominal exchange rate ( ) and the consumer price index (CPI) within individual countries ( * ), the Eurozone or the US market ( ):
Since the Czech Republic, Hungary, Poland and Romania became EU members during the observed period, and all EU member states are also part of the economic and monetary union, interest in studying the euro-based real exchange rate has become increasingly prominent. On the other side, recognizing the connection of national currencies with euro as well as the high level of trade and financial integration with the member states, there is a clear need to analyze the real exchange rate in the candidate countries for accession to the EU (Serbia and Turkey). At the same time, testing the sustainability of the PPP theory for both the euro-and the US dollar-based real exchange rate is relevant given the international importance of the two leading currencies, as well as their dominance in the world trade.
The first part of the empirical results refers to the graphic illustration of the time series ( Figures 1 and 2) , followed by the analysis of normality. Formal testing of the presence of unit roots is based on the application of standard tests: ADF, Kwiatkowski-Phillips-Schmidt-Shin (KPSS), and Elliott-Rothenberg-Stock (ERS) and tests that take into account nonlinear dynamics (Kapetanios-Shin-Snell and Kruse) . The second part of the econometric research relates to the representation of empirical findings obtained from the application of two parametric tests and QAR approach. Thereafter, we calculated half-life parameters for those quantiles where the hypothesis of the existence of a unit root is rejected.
Graphical presentation of the time series clearly indicates the alternation between periods of growth and decline of the RER, which has been especially pronounced since 2008, when adverse circumstances at the international level resulted in serious distortions. Looking at the countries that joined the EU in 2004 (the Czech Republic, Hungary, Poland), different waves of appreciation of the RER are evident until 2008. The Czech Republic has suffered two abrupt appreciation of the Czech Koruna. The first one occurred in 2002 due to a large capital inflow, whereas the second one is associated with the beginning of the global financial crisis in 2007. In the case of Poland, the currency was characterized by a sharp real depreciation from July 2008 to March 2009, which was highly related to serious economic downturn in the world economy and the outflow of foreign capital from Poland. On the other hand, Hungary and Romania have changed the exchange rate regime during the observed period, which was manifested in shifts of the RER as shown in Figure 1 . Although Hungary had a long-term strategy of adapting the euro, the Hungarian government in 2008 decided to begin with the implementation of freely floating exchange rate regime due to the impossibility of maintaining its currency in defined margins of fluctuation. Also, since 2005, Romania has applied a policy of flexible exchange rate regime in combination with direct inflation targeting. Despite significant interventions by monetary authorities with the aim of stabilizing the exchange rate, the Romanian leu suffered a significant depreciation during the period from July 2007 to February 2009 when it lost 40% of its value. Turkey Source: Authors' estimations.
Figure 1 Euro-Based RER Movements in Selected Economies
Considering the RER of countries which are outside the EU, the high volatility of the Turkish lira is evident, which is characterized by a periods of sharp depreciation and significant loss of its value against the dollar and euro. When we talk about Serbia, the transition process (privatization and liberalization of capital and commodity transactions) and excessive government borrowing caused the capital inflows that have contributed to the appreciation of the currency in the period 2003 to 2008. In contrast, the reduction of foreign currency on the domestic market, due to lower investments and loans, resulted in a depreciation of the currency since 2008. Turkey Source: Authors' estimations.
Figure 2 US Dollar-Based RER Movements in Selected Economies
Dynamics of corresponding nominal exchange rates are depicted in the Appendix ( Figures A1 and A2 ). Subsamples of nominal depreciations and appreciations are evident, but no preliminary conclusion about the PPP validity can be drawn.
Based on the descriptive statistics 2 , we can conclude that the distribution of the euro-and US dollar-based RER is characterized by right asymmetry, which is in most cases significantly different than zero. The values of the kurtosis indicate that three time series have heavy tails, two have thinner tails, and one is characterized by tails that correspond to the tails of normal distribution. Similar conclusions are derived for the US dollar-based RER. The calculated values of the Jarque-Bera statistics suggest that the null hypothesis of normality is rejected for all time series, except for US dollarbased RER for Poland. This supports the use of QAR model.
The empirical results of the applied unit root tests indicate that the hypothesis of stationarity is rejected for all of the observed economies except for the euro-based RER for Poland (Table 1) Because traditional unit root test may be invalid when data exhibit nonlinearity, we perform the nonlinear unit root tests developed by George Kapetanios, Yongcheol Shin, and Andy Snell (2003) and Robinson Kruse (2011) . They are devised to test the unit root hypothesis against the alternative of stationary exponential smooth transition autoregression model. Such an alternative may be relevant for RER data because it assumes that time series is unit root process if it is close to its long-run equilibrium level from the previous period, whereas mean-reverting behavior appears when there is a certain departure from this equilibrium (Kruse 2011) . The results are given in Table  2 . The unit root hypothesis against the alternative of stationarity with specific nonlinear dynamics has been rejected for Serbia, Turkey, Hungary and Romania by at least one version of the tests. This hypothesis is again accepted for data in the Czech Republic and Poland. These findings suggest that movements in the RER cannot be clearly described by the unit root path in most of the economies considered when nonlinear adjustment is taken into account. Quantile approach emerges as a next step as it looks at different quantiles of RER and shocks of different size.
Empirical Results: Quantile Estimations
We have tested for the presence of quantile unit roots by test-statistic (6) that was computed in two ways. First, QAR(1) model is used. Second, to compute the Galvao version, QAR(1) model is enlarged by covariate that should be stationary and correlated with the shocks to the RER (Galvao Jr. 2009 ). Our choices were inflation rate and depreciation rate. They were included at different lags. Because results are similar, we present results based on lagged-one inflation rate 4 . Table 3 contains testing results. Notes: α0(τ) and α1(τ) denote the estimated values of the constant term and autoregressive coefficient respectively, for τ = (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9). For the slope coefficient we tested the null of a unit root (α1 = 1) and bootstrapped p-values are calculated using the xypair method for 2000 replications. * and ** denote statistical significance at the 5% and 10% level, respectively.
Source: Authors' calculations.
As pointed out by Nikolaou (2008) , a negative/positive sign of the parameters α 0 (τ) is actually negative/positive shock that has influenced the RER movement within the observed quantiles. Also, the negative shock can be interpreted as appreciation, positive as depreciation (Nikolaou 2008; Lin and Lin 2013) .
A graphical illustration of the estimated parameters, α 0 (τ) and α 1 (τ), is presented below (Figures 3 and 4) . Vertical axis shows the value of the estimated coefficients, whereas the horizontal represents individual quantiles. The gray areas indicate the 95% confidence band. 
Source:
Authors' estimations.
Figure 3 Estimated Parameters of the Quantile Regression for Euro-Based RER
We will now describe findings for the euro-based RER. Estimates of α 0 (τ) vary across different countries for a given quantile so that they do not follow identical path when all quantiles are considered. Only for the Czech Republic, monotonically increasing path is observed at all quantiles. In Hungary, similar increasing path is also detected, but for the quantiles from 0.4 on. For the lowest quantile, one of the biggest shock has been estimated. For the RER in Poland, biggest shocks were estimated at the highest quantiles, but for the rest of the quantiles, we first have a sequence of relatively higher and then a sequence of relatively smaller values. In Romania, estimates of α 0 (τ) follow decreasing pattern with the highest value achieved at the lower quantile. Inverted U-shaped path is estimated for the Serbian data but with the bigger value attained at the higher quantile. In Turkey, peculiar pattern is found: two highest estimates are detected for the highest and for the lowest quantile, respectively, whereas in-between estimates follow a flat line. We now turn to the values of the estimated autoregressive coefficients α 1 (τ). Given these estimates stationarity is mainly adapted at the extreme quantiles, which is confirmed by lower values of the estimated coefficients and the corresponding p-values at all or at a considerable number of quantiles. In Hungary and Serbia, mean-reverting occurs at higher quantiles upon huge depreciation shocks. In Poland, the eurobased RER stationarity is accepted for several lower and midquantiles that were characterized by relatively high positive shocks. Mean-reverting behavior of the RER is detected in Romania at low quantiles. However, at these quantiles, large depreciation shocks were achieved. Similarly, stationarity of the RER in Turkey is found for the first half of the lowest quantiles, but associated with relatively huge depreciation shocks.
Results for the US dollar-based data are to some extent different. First, estimates of α 0 (τ) follow similar pattern that can be described as monotonically increasing with the exception of Romania and Serbia for the lowest quantiles. The decision about the presence of a unit root in US dollar-based RER is strongly confirmed for the Czech Republic, Poland and Hungary. Such a conclusion may be questioned in the case of Serbia, Romania and Turkey. Stationarity of the US dollar-based RER is accepted for three lowest quantiles in Turkey. For Romania, mean-reverting behavior is found at the highest quantiles, whereas in Serbia, stationarity is not accepted only for the lowest quantiles. Estimates of half-lives derived from estimates of α 1 (τ) are given in Table 4 5 . According to the presented values in Table 4 , we can conclude that, in general, the estimated half-lives are lower on the extreme quantiles relative to the middle quantiles, which in the case of the euro-based RER varied in the range of 3 to 13 months, whereas for the US dollar-based RER, they are slightly higher and shift in the interval between 6 and 18 months. Given our previous analysis of the shocks magnitude at different quantiles for the euro-based RER, it seems that greater depreciation shocks with serious deviations in the movement of the observed time series at the same time encourage faster alignment with the long-term PPP equilibrium. Such an adjustment occurred only at bigger quantiles in Hungary and Serbia, but only at lower quantiles in Romania and Turkey. In Poland, some low and medium quantiles are relevant for the adjustment. The US dollar RER exhibits stronger mean reverting adjustment at lower quantiles in Turkey as a result of the appreciation shocks. For the case of Serbia, adjustment is stronger at medium and high quantiles upon depreciation shock happened. Similarly, in Romania, mean reverting is found to be stronger at higher quantiles again after the depreciation shock.
Our empirical findings for the US dollar-based real exchange rate are broadly similar to the results of Bahmani-Oskooee et al. (2016) Reinhart, and Rogoff 2017), we can derive a general conclusion that countries considered have applied regime of more or less controlled fluctuations during most of the observed period. Given the fact that a flexible regime is characterized by the possibility of intervention in the foreign exchange market to prevent excessive oscillations of the exchange rate, it is evident that the shocks only have a temporary impact on the RER deviation with respect to the equilibrium level in the countries where PPP is sustainable. Therefore, it is assumed that in countries where the validity of the PPP theory is confirmed, nominal exchange rates had a greater role in restoring departures from long-term equilibrium. In the case of the euro-based RER, PPP theory has not been confirmed only for the Czech Republic: actually a long period of appreciation and external shocks have prevented the return of the RER to the equilibrium level. In terms of the US dollar-based RER, compliance of the RER with the PPP theory has been rejected for the Czech Republic, Hungary and Poland, also for the countries that joined the EU in 2004 while maintaining their own currencies with using the euro as reference currency.
Empirical results for the euro-based real exchange rate are in line with expectations, due to the fact that the currency of each country is highly associated with the euro, bearing in mind the significant degree of trade and financial integration between the EU member states. A similar conclusion holds for Serbia and Turkey, because a large part of the balance of payment transactions takes place on the European market.
Concluding Remarks
This article investigates the validity of PPP theory on a selected sample of emerging European economies: the Czech Republic, Hungary, Poland, Romania, Serbia and Turkey during the period of 2000 to 2014. To overcome the shortcomings of standard linear model econometric analysis, which does not take into account the possibility of different speeds of the RER adjustment, the QAR model is applied. It enables assessment of the different influences that high and low shocks may have on the RER dynamics. Thus, asymmetric reaction to shocks of different size may be more easily observed within the QAR model.
Application of three conventional unit root tests indicates the presence of a unit root in all time series of the US dollar-based RER. Similar findings were obtained for the euro-based RER.
However, under the framework of QAR model, we found that in most cases, the RER does not follow unit root process over different quantiles, because stationary was determined on a number of quantiles. For the US dollar-based RER, empirical validity of the PPP theory is confirmed for Romania, Serbia and Turkey. The same conclusion is reached not only for the euro-based RER in these economies but also in Hungary and Poland.
Half-life estimates derived from the euro-based RER imply that large positive shocks, which cause serious deviations in the RER movement toward depreciation, tend to induce stronger mean-reversion behavior. Such a pattern is detected at higher quantiles in Hungary and Serbia and at lower quantiles in Romania, Turkey and Poland. The persistence of the euro-based RER is estimated to be more prominent after the depreciation shocks of smaller size. Different response of the euro-based RER to different size shocks may indicate that policy interventions were conducted depending on the size of misalignments. This is expected for these economies because they have been under the influence of various unanticipated impacts over the sample considered.
Quantile analysis of the US dollar-based RER in the Czech Republic, Hungary and Poland and additionally of the euro-based RER in the Czech Republic do not show regularity that would confirm the PPP validity. Mean-reverting behavior is accepted in Turkey for the lowest quantiles upon the hit of the appreciation shocks. For Romania and Serbia, the smallest half-life values were estimated at higher quantiles after the large depreciation shocks occurred. PPP theory has not been supported only by the euro-based RER in the Czech Republic. This is due to the relatively long subsample of systematic appreciation and external shocks that have prevented the return of the RER to the equilibrium level in this economy. Compliance of the US dollar-based RER with the PPP theory has been rejected for those economies from our sample that joined the EU in 2004 while maintaining their own currencies with using the euro as reference currency.
